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Abstract 

The present invention pertains to a method for manufacturing a clay/rubber nanometer 
composite material. The method of the present invention is based on the fact that most rubber 
materials have their own emulsion forms. After an aqueous suspension of clay is mixed with a 
rubber emulsion, an agglutinant is added for flocculation, followed by dewatering to obtain a 
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clay/rubber nanometer compo^^^aterial. The method of the present invel^^ has simple 
operation, low cost, and a wide application range and is easy to industrialize. By using the 
method of the present invention, clay can be dispersed uniformly in nanometer order in the clay 
matrix. 



Claims 

L A clay/rubber composite nanometer composite material manufacturing method having 
the following steps: A: a suspension consisting of water and a clay with an overlapped crystal 
layer structure is mixed with a rubber emulsion to obtain a homogenous mixed solution; B: an 
agglutinant that can demulsify the rubber emulsion is added for flocculatioii; C: the obtained 
flocculate is dewatered and dried to obtain a clay/rubber nanometer composite material. 

2. The manufacturing method described in Claim 1 characterized by the fact that the 
weight percentage of the clay in the suspension consisting of water and clay is in the range of 
0.2-20%. 

3. The manufacturing method described in Claim 1 characterized by the fact that the 
aforementioned agglutinant is an electrolyte solution. 

4. The manufacturing method described in Claim 1 characterized by the fact that the 
aforementioned clay is Verona green, montmorillonite, saponite, beidellite, hectorite, silica, or 
halloysite. 

5. The manufacturing method described in Claim 1 characterized by the fact that the 
aforementioned clay is a sodium-based bentonite. 

6. The manufacturing method described in any of Claims 1-5 characterized by the fact 
that microwaves or ultrasonic waves are applied in step A. 

7. The manufacturing method described m any of Claims 1-5 characterized by the fact 
that a substance that has a coupling effect between the clay and the rubber macromolecules is 
added in step A. 

The present invention pertains to a method for manufacturing a polymer-based nanometer 
composite material, especially a rubber-based nanometer composite material. More specifically, 
the present invention pertains to a method for dispersing layers in nanometer size containing clay 
particles in rubber. 

Carbon black and white carbon black have been used as conventional reinforcing agents 
in the rubber industry. Especially, the former is very important in the rubber industry. The 
original particles of these two reinforcing agents have a very small size. For example, the particle 
sizes of carbon blacks prior to the N600 grade are all smaller than 60 mm. The particle size of 
white carbon black produced using the precipitation method is usually in the range of 20-40 nm. 
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reinforcing agent. When the particle size exceeds 1000 nm, even if a surface processing method 
is used to create excellent interface bonding between two components, it is very difficult to reach 
the reinforcing level of carbon black or white carbon black. Study of a large number of inorganic 
fillers has proved this point. Up to now, it has not been possible to find a new filler with better 
reinforcing capability than the aforementioned two reinforcing agents because newly developed 
fillers all have relatively large particle sizes. 

However, efforts to develop new rubber reinforcing methods and reinforcing agents have 
never stopped. This is because conventional reinforcing agents have the foUovdng disadvantages. 
(1) The processmg pollution is severe. Since these two reinforcing agents have very low apparent 
density, they can easily blow around when added into rubber. Therefore, even if a sealed mixing 
machine is used, it is very difficult to keep a mixing workshop clean and avoid harm to a 
worker's health. (2) The processing time is long, and the mixing energy consumption is large. 
Since the powders of these two reinforcing agents are very fine, they readily aggregate. 
Therefore, a relatively long period of time is necessary to disperse them in rubber. In the 
meantime, because of the extremely low apparent density, a relatively long period of time is 
necessary to mix (or knead) the reinforcing agent into rubber. The time for this step is almost V^ 
the time of the entire rubber mixing process. (3) The color tone of the product is monotonous. 
This problem mainly occurs when reinforcing with carbon black. High-grade carbon black is 
usually used in the rubber industry because it has a better general reinforcing capability than 
white carbon black. However, it is impossible to change the black color tone of the product. (4) 
Some properties are still less than perfect. For example, neither of these two reinforcing agents is 
able to provide rubber products vsdth high hardness, superior air permeation resistance, etc. (5) 
Because of its reliability on petroleum, resources for carbon black are gradually being reduced. It 
is impossible for white carbon black to completely replace carbon black, and its cost is relatively 
high. For example, if a silane coupling agent is used for surface processing (this is required in 
many cases), the cost will be even higher. 

Consequently, the development tendency of new reinforcing agents is to provide good 
processibility as well as relatively good general reinforcing capability. The best choice is a light 
color filler with a low cost. Results of studies on clay polymer based nanometer composite 
material give hope of solving the aforementioned problems. 

The study of clay/polymer based nanometer composite materials currently is a hot topic 
in the polymeric material study field. A series of excellent physical and mechanical properties 
for this type of material has been displayed and industrialization results have already been 
provided. For example, a clay/nylon 6 nanometer composite material produced by Ube Industries 
Ltd. of Japan has very high rigidity as well as a very high thermal deformation temperature and 
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produced in the lab. Examples include nylon 6, epoxy resin, polystyrene, etc. These nanometer 
composite materials are obtained by using suitable technology to uniformly disperse the unique 
layer structure contained in the clay particles in a polymeric matrix. Since the thickness of a clay 
layer is around 1 nm, the thickness of the dispersion phase (single clay layer or layer 
aggregation) can be kept at 100 nm or smaller in the final composite material. Therefore, this 
type of material is called a nanometer composite material. These nanometer composite materials 
not only have very good tensile properties and processibility but also have excellent air 
permeation resistance because of the existence of the clay layer, A recent study showed that 
composite materials also have excellent flame retardancy. In summary, these studies provide 
very good ideas for developing new rubber reinforcing methods and reinforcing agents. 

Most of the clay/polymer based nanometer composite materials are manufactured through 
in situ polymerization. The in situ polymerization method means that a continuous phase and a 
nanometer dispersion phase are simultaneously obtained during the process of a chemical 
reaction. For example, Fukushima, et al. has successfully manufactured a clay/nylon 6 composite 
material by embedding cations of 12-aminododecoic acid between the crystal layers of clay to 
obtain an organic clay and then initiating polymerization of the permeated caprolactone 
monomer between the crystal layers. Patent Filing No. 96105362.3 by the Chinese Academy of 
Science also disclosed a primary in situ polymerization method used for manufacturing a type of 
polyamide/clay nanometer composite material. In many cases, however, it is difficult to find a 
monomer like caprolactone which can readily enter the space between clay layers to carry out in 
situ polymerization to form a nanometer composite material. Therefore, this type of 
manufacturing method has linnited application. Also, this type of method has a high cost, and the 
process is complicated and unstable. Therefore, realization of industrialization is difficult. 

Compared to clay/plastic based nanometer composite materials, there are very few 
studies on clay/rubber-based nanometer composite materials. US4889885 (reference 1) disclosed 
two methods for manufacturing clay/rubber nanometer composite materials. One of them is an in 
situ polymerization method. In this method, first, clay layers are modified using a 
vinyl-terminated quaternary ammonium salt. Then, the modified clay is dispersed in an 
N,N-dimethylformamide solvent, followed by addition of a large amoxmt of isoprene monomer 
and a radical initiator in a corresponding proportion. Polymerization of isoprene is initiated 
between the clay layers to form polyisoprene rubber. Then, the solvent is removed to obtain a 
clay/isoprene rubber nanometer composite material. In the other method, liquid 
amine-terminated nitrile rubber with a relatively low molecular weight is dispersed in a mixed 
solvent consisting of water and dimethyl sulfoxide, followed by adding an acid to form an amine 
salt, which is then mixed with an aqueous suspension of clay. Finally, the water and solvent are 
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removed to form a clay/liquidf^^le rubber nanometer composite materiafl^^nese Patent Filing 
No. 94192043.7 (reference 2) disclosed a method for manufacturing a clay/liquid nitrile rubber 
nanometer composite material used for an airtight layer in tires and irmer tubes. In this case, first, 
clay is dispersed homogenously in water, followed by adding an acid so that the surface of the 
clay layer will adsorb hydrogen ions. Then, this is mixed with a toluene solution of liquid 
amine-terminated nitrile rubber. During the mixing process, the hydrogen ions on the layer react 
with the terminal amine groups of the nitrile rubber. As a result, the clay layer is dispersed in the 
liquid nitrile rubber, and a nanometer composite material can be obtained by removing the 
solvent. 

Theoretically, when the dispersibility of a clay layer in rubber increases, the obtained 
material will have higher hardness, a lower elongation rate, higher strength, less elasticity, better 
flame retardancy, and better air permeation resistance. For most rubber products, there is no need 
for the clay layer to form a complete monolayer dispersion state even if the tensile performance 
of the obtained composite material is very good. If the clay layer is dispersed in rubber in the 
form of a certain aggregate (such as several layers or even more than ten layers), the aggregate 
size is in the range of several nanometer to tens of nanometers, which makes it possible to obtain 
a clay/rubber nanometer composite material with excellent comprehensive performance. When 
the two methods described in reference 1 are compared to the method described in reference 2, 
the clay manufactured using the former has higher dispersibility, but the elasticity of the obtained 
material is a little less than the material manufactured using the latter. Reference 2 overcomes 
this problem. In its clay/rubber nanometer composite material, the clay layer exists in the form of 
a certain degree of aggregate to not only satisfy the required air permeation resistance but also to 
offer a relatively good elasticity. From the point of view of method implementation, the in situ 
polymerization method described in reference 1 is too complicated and is thus very difficult to 
industrialize. The method described in reference 2 and the second method described in reference 
^1 are still relatively complicated even though the processing is slightly simplified. Also, the 
amine-terminated nitrile rubber needed is relatively expensive, and a large amoimt of relatively 
expensive solvent is needed during the manufacturing process. More importantly, the obtained 
nanometer composite material must be used by being mixed with other solid-state rubbers 
because of the low strength and high price of the liquid nitrile rubber. However, liquid ntirile 
rubber has very poor compatibility with many solid-state rubber materials (such as natural 
rubber, styrene-butadiene rubber, cis-l,4-polybutadiene mbber, ethylene-propylene rubber, etc.). 
As a result, the performance of the composite material obtained is adversely affected. 

The objective of the present invention is to provide a new clay/rubber nanometer 
composite technology, which offers a simple operation, low cost, and wide application range and 
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order in a rubber matrix. 

The method of the present invention is based on the fact that most rubber materials have 
their own emulsion forms. After an aqueous suspension of clay is mixed with a rubber emulsion, 
an agglutinant is added for flocculation, followed by dewatering to obtain a clay/rubber 
nanometer composite material. 

The clay/rubber composite nanometer composite material manufacturing method 
disclosed in the present invention has the following steps: A: a suspension consisting of water 
and a clay with an overlapped crystal layer structure is mixed with a rubber emulsion to obtain a 
homogenous mixed solution; B: an agglutinant that can demulsify the rubber emulsion is added 
for flocculation; C: the obtained flocculate is dewatered and dried to obtain a clay/rubber 
nanometer composite material. 

The clay used in the present invention can be a natural or synthetic clay, such as Verona 
green, montmorillonite, saponite, beidellite, hectorite, silica, or halloysite. It is preferable to use a 
clay with sodium ions as interlayer cations, such as a sodium-based bentonite, in the present 
invention. The clay used should have an overlapped crystal layer structvu-e so that it can be 
separated and dispersed in nanometer size in the rubber. The adjacent crystal layers in this type 
of clay have negative electric charges. Therefore, cations are usually adsorbed between the 
crystal layers of the clay. This type of structure allows water or other polar molecules to enter the 
space between the crystal layers of the clay so that the extemal cations can interchange with 
internal anions. When the clay is mixed with water, a stable aqueous suspension of clay is 
formed. In the suspension, the crystal layers of the clay are separated jfrom each other under the 
hydration effect of the interlayer cations. When the rubber emulsion is added, the crystal layers 
of the clay are interwoven with the emulsion particles to be separated from each other. If an 
agglutinant that can demulsify the rubber emulsion is added at that time for flocculation, the 
nanometer composite structure of the two components is retained to form a clay/rubber 
nanometer composite material. 

The dispersion distance of the clay layers in water depends on the concentration. The 
concentration cannot be too high. The higher the concentration is, the smaller the dispersion 
distance. As a result, it is difficult for the emulsion particles to interweave with the clay layers, 
and the size of the nanometer dispersion phase is increased. If the concentration is too low, 
coaglutination of the final clay/emulsion mixture occurs with difficulty. Therefore, the content of 
the clay in the suspension consisting of water and clay should be kept in the range of 0.2-20% 
(by weight). 

After the clay is mixed with water, the system can be allowed to stand still for a certain 
period of time to allow precipitation of some clay particles, which have a relatively large specific 
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weight and are very hard to ^^^^e, as well as sand contained in the clay^^aqueous 

suspension of clay prepared in this way is finer. However, whether to allow the system to stand 
still and the period of standing time can be determined depending on the quality and properties of 
the clay. 

The present invention has no special requirement for the agglutinant used. Different 
agglutinants can be used depending on the type of emulsion used. An agglutinant necessary to 
industrially agglutinate a corresponding type of emxilsion can be used. For example, a hydrogen 
chloride solution with a concentration of about 1 .5% (by weight) can be used for a 
styrene-butadiene emulsion, and a calciimi chloride solution with a concentration of about 2% 
(by weight) can be used for a nitrile rubber emulsion. 

The method of the present invention has no special requirement for the rubber emxilsion, 
which can be either an emulsion obtained prior to the agglutination step during a rubber 
synthesis process or a re-emulsified product of a rubber. There is no special limitation on the 
type of emulsion or the solids content of the emulsion. Examples of emulsions that can be used 
mclude a styrene-butadiene rubber emulsion, nitrile rubber emulsion, chloroprene rubber 
emulsion, acrylic rubber, etc. It is also possible to use a mixture of two or more types of 
emulsions to obtain nanometer composite materials vnih mixed matrix materials having a wide 
application range. Some plastic matrixes having an emulsion form can also be used in the 
method of the present invention to manufacture clay/plastic based nanometer composite 
materials. Examples of such emulsions include a polyvinyl chloride emulsion, polystryene 
emulsion, etc. 

In the method of the present invention, it is also possible to apply microwaves or 
ultrasonic waves in step A so that the clay layers will be better dispersed in the rubber matrix. 

In the method of the present invention, it is also possible to add a substance with a 
coupling effect in step A to increase the interface effect between the clay layer and the rubber 
matrix. Examples of coupling agents that can be used include commercially available 
triethanolamine, a silane coupling agent, a coupling agent of an organic titanate, etc. The amount 
of the coupling agent added is in the range of 0.2-5% (by weight) of the amount of clay used. 

The clay/rubber nanometer composite material manufacturing method disclosed in the 
present invention has a simple operation and a low cost. There is no pollution in the 
manufacturing process. For a clay/rubber nanometer composite material manufactured using the 
method of the present invention, the dispersion phase is an aggregate of clay monolayers or 
layers with a thickness of 100 nm or smaller. It has excellent physical and mechanical properties, 
processibility, and fairly good air permeation resistance. It can replace expensive butyl rubber or 
butyl chloride rubber used for the inner tubes of tires or for airtight layer adhesives of tires 
having no inner tubes. The clay/rubber nanometer composite material manufactured using the 
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method of the present inventi^^ be directly added into a sulfide systerlj^^ened body 
system, etc. It can also be used together with other types of raw rubber materials or reinforcing 
agents (such as carbon black, white carbon black, calcium carbonate, pottery clay, etc.). 

Also, since the clay layers have already been dispersed homogenously as a reinforcing 
agent in the rubber matrix in advance, there is no need to add carbon black, or only a small 
amount of carbon black has to be added. This will significantly reduce the environmental 
pollution caused by flying dust generated during the rubber mixing process. In the meantime, it 
will also reduce the mixing time and lower the mixing energy reqxiirement. In particular, this 
type of rubber material also has good compatibility with other additives. Compared to the 
methods described in references 1 and 2, the method of the present invention has a simple 
process and no solvent pollution and does not need expensive liquid nitrile rubber as the 
"matrix" of the composite material for further dispersion in a normal rubber matrix. 

Application Example 1 : Commercially available bentonite was stirred in water for 4 h. 
After homogenous mixing, the system was allowed to stand still for 24 h. The final concentration 
(solids content) was kept around 2% (by weight). 200 g of the suspension prepared as described 
above were mixed with 250 g of a nitrile rubber emulsion (weight content of acrylonitrile: 26%, 
solids content: 40%) at room temperature. Then, a 2% hydrochloric acid solution was used for 
flocculation. The flocculate was washed to a neutral pH and was then dried in an oven at 80®C 
for about 10 h. As a result, a clay/nitrile rubber nanometer composite material with a clay content 
of about 4 g clay/100 g nitrile rubber was obtained. Under observation using a transmission 
electron microscope, it was found that more than 80% of the clay layers were thinner than 30 
nm. After this composite material was mixed and vulcanized, the tensile strength was 15.0 MPa, 
and the elongation rate at break was 520%. On the other hand, the tensile strength of nitrile 
rubber doped with 10 parts by weight of high abrasion carbon black (N330) was only 6.0 MPa, 
and the elongation rate was 480%. 

A pplication Example 2 : A styrene-butadiene rubber emulsion was used instead of the 
nitrile emulsion used in Application Example 1. 400 g of a clay suspension with a solids content 
of 5% were mixed with 500 g of the styrene-butadiene rubber emulsion (solids content: 20%). 
Then, a hydrogen chloride solution with a concentration of around 2% was used for 
agglutination. The rest of the process was the same as that described in Application Example 1. 
A nanometer composite material with a clay content of 20 g clay/100 g styrene-butadiene rubber 
was obtained. After this composite material was mixed and vulcanized, the tensile strength was 
12.0 MPa, and the elongation rate at break was 400%. On the other hand, the tensile strength of 
styrene-butadiene rubber doped with 20 parts by weight of high abrasion carbon black (N330) 
was only 10.0 MPa, and the elongation rate was 420%. 
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A pplication Examp le ^^len the aqueous suspension of clay was ^Pld with the 
styrene-butadiene rubber emulsion in Application Example 2, 0.8 g of a silane coupling agent 
KH560 (epoxy silane coupling agent produced by Nanjing Shuguang Chemical Factory) was 
added. The rest of the process was the same as that described in Application Example 2. After 
the obtained composite material was mixed and vulcanized, the tensile strength was 14.8 MPa, 
and the elongation rate at break was 300%. When no coupling agent was added, the tensile 
strength was 12.0 MPa, and the elongation rate at break was 400%. The tensile strength of 
styrene-butadiene rubber doped with 20 parts by weight of high abrasion carbon black (N330) 
was only 10.0 MPa, and the elongation rate was 420%. 

A pplication Example 4 : 200 g of a clay suspension with a solids content of 10% were 
mixed with 250 g of a nitrile rubber emulsion (solids content: 40%). The rest of the process was 
the same as that described in Application Example 1 . A nanometer composite material with a 
clay content of 20 g clay/ 100 g nitrile rubber was obtained. After the obtained composite 
material was mixed and vulcanized, the tensile strength was 19.5 MPa, and the elongation rate at 
break was 570%. On the other hand, the tensile strength of nitrile rubber doped with 20 parts by 
weight of high abrasion carbon black (N330) was only 1 1 .0 MPa, and the elongation rate was 
500%. The air permeation resistance of the obtained material was 2.2 times that of the carbon 
black-doped material. The airtightness was improved by 30% compared to the butyl chloride 
rubber used as an airtight rubber layer for radial tires provided by the Beijing Tire Factory. 

A pplication Example 5 : 250 g of a clay suspension with a solids content of 5% were 
mixed with 500 g of a styrene-butadiene rubber emulsion (solids content: 20%). The rest of the 
process was the same as that described in Application Example 2. A nanometer composite 
material with a clay content of 40 g clay/100 g styrene-butadiene rubber was obtained. After the 
obtained composite material was mixed and vulcanized, the tensile strength was 17.0 MPa, and 
the elongation rate at break was 380%. On the other hand, the tensile strength of 
styrene-butadiene rubber doped with 40 parts by weight of N550 carbon black was only 
13.0 MPa, and the elongation rate was 410%. The air permeation resistance of the obtained 
material was 1.7 times that of the carbon black doped material. The airtightness was improved by 
40% compared to a natural rubber material for inner tubes of radial tires provided by the Beijing 
Tire Factory. 

A pplication Example 6 : In Application Example 1, ultrasonic waves were applied to the 
mixture of the clay suspension and the rubber emulsion for 10 min (using ultrasonic cleaning 
device CX-250 produced by the Second Beijing Medical Equipment Factory). The rest of the 
process was the same as that described in Application Example 1. After the obtained composite 
material was mixed and vulcanized, the tensile strength was 17.0 MPa, and the elongation rate at 
break was 490%. When ultrasonic waves were not applied, the tensile strength was 15.0 MPa, 



and the elongation rate at bre^^as 520%. The tensile strength of nitrile i^P^r doped with 10 
parts by weight of high abrasion carbon black (N330) was only 6.0 MPa, and the elongation rate 
was 480%. 



• 



C0SL21Aa 

[21] 98101496.8 





1999^12^ 15 0 


^n^im^ CN 1238353A 


[22]««B 


98.6.4 [2\mm^ 98101496.8 




[71]*«A 








100029 dt]Rie«WaJt=JF*K 15 ^ 




(72]XilA 


3fe4» H-t 














tZ^dSsR^J 1 m ittM=l5 6 M (BHKft 0 E 



00 

o 
o 



Z 
w 



^ ^] 4r ^ ^ 



1 . -^!i^±/wmmi¥:%^mAm\^:^m, \kd:^mtar^ 
7i(.mM:^mn'^±mmm'ni^^mih 0.2-20%. 

0J|li±. 7K)!f5> ^^Wi^7KMii^±. 

6 . mmm^ 1-5 0r^Kim-#$!i#:^r^, ^#tEji: ^ 



iib±/mstmm^mmmiki3m 

^^inKmmmwm. ( 2 ) jniBtr^-K:, wmmk. ^=^&m 
^iSL^, m^mmm^m.^ 1/2 , { 3 > usi^^n^-. ^i. 



ii m ^ 

i^^m^Wi^M^'f-m^mm. *™±K-mwifs« inm ^ 
msiR-ti^mm^ loomn VAT, mm&mnismis.^^ 

m^Wi^mm. Fukushima ^^Jffi 12-SSt-iES<)P0^^Sc 

^mm(fy 96105362.3 ^fij, &S^7-?l'lilK/Bc/*!i±^3|eS'^*t 

m^mm:}^\ US4889885 ix^i ) '^:jfTm^um±m^m^ 
^±f^mmmmmniSi^, B^'^&^^']^^±^m^ n.n-- 

mm, &wmmj^±jm-m^Ji!imi^%^itn. n-^, m 
^fij^it 94192043.7 mxm ) '£:jfj-^mM=F^m%mm^ 



it m ^ • 

mm, ^mmM, to^mj?. ^%mn.m 

vtk. Hilt. Jii^^iSLwmi^aWm, ^±}fmi^^^'M'mmm^± 

xmimmmiiLm'^iimTii'K^, m««xik^. xmimx 
±. m^^^ uinis^ iKm^> sss^7ic^iii^±. n'p:^Rmi)tm 



i it ^ 

^±m^^mm^^m, mat, ^±^Bmm-mm^mn^, & 
^^m^mmm^^^m^ ^^±^yKmnw:^, mm^ 

^a^. Hitk, 3te±-^;!|cWlc??^g6<]^«2:S$!|:£ 0.2-20% (M) 

m'^immzmmim, m\^j.mmmfiitf'S'n< fp#^is> mm 
tm^^. jD: r^^mm^ rmmmm^ mmmfim^ 

m-, ^mmmmm, ffl*:i^tt±ffl*w 0.2-5% ( ms ) . 



^^n^i3^±^)^mm.>^mmMi^, i?s^iooiimi:AT. a 
A^m^mm^jim^mm (iia: mm^ ^mm^ mmm^ m±^) 

?i^i^^^#a 24 /hH^ , ( s-g* ) ^tJ« 2% ( m* ) £ 
^ ; ^h^^nwL 200 250 ^Ts»?tKKc?L ( 
26%, 40%) mrtmwi^, mj^m 2% 

w&ij^?g«^Tii^. n%mm^nw'ik, M^ftt. ^sox: ^n^' 

^^ip. m 10 /jNBt, ^#S|3tt±'^**^j^ 4 ^*&±/100 i£TW^^W*i^ 
fi^/P-g;^^ 80%!.:^ Ji^E 30nm l.:lT. Witt^-^tti^^mittX, #[ 

ii#3S^^ is.oMPa , 520%. MlinA 10 

( N330 )fi<lTI»^«t. ^ft#5SMR^6.0MPa, llfcff 
480%. 

^% S%m^±M:nWL 400 %H 500 j£T^«ilRlR?L ( 0-^*^*1 

n%mm 1 . mm±-^w% 20 ^3te±/ioo ^-fnm.WLmi^^%.-^ 

*ti^..^?i^iPX, m^jH. 12.0MPa . m\W^^% 

400%. rfp in A 20 m.wmmBnm ( nsbo ) fiurmK, nm^ 

S^MKW lO.OMPa . lit«fr#^¥^ 420%. 




it ^ 

X, }4#3Sl|^fcj 14.8MPa , fitll?r#^^5fej300%, ;fM« 

m^mm&i3 12.0MPa, 4hm^$jfcj400%. Wj!lDA20m*fi^© 

©0:^11 ( N330 ) ^rm%m ^mmmmR^ lo.oMPa , jhm 

i^^m^ 420%. 

$ilfi»J 4 : m^mi^ \0%m±^MWi 200 250 ^TW^ 

jKiK?L ( 40%) mmwM^, n-B^mmmmm i . # 

X, Jir#55S^^ 19.5MPa , M:«r#^¥* 570%. MAnA20 

mmi^nm^mm ( nbbo > cHjrsf^jK. nm^^mmR^ 
ii.oMPa , ikWf#^¥* 500%. prmmm^m%m^&M^mn 
m 2.2 itdt^$&j!&rm^w^^^f&jtffli(.^T«^iKn^gM# 
m%^\mm7 30%. 

5 : !i*F@-^*^ 5%m±mnm 250 500 
«ti!sii( @^«^2o%) js^fitmi^- ^-E^sii^i^fififij 2 . # 
pj*!i±^»^^ 40 ^mnoo ^T^wmm^%^m. ^mwM 

X, mitiB, &#SSSjt3 n.OMPa , llhmff-l^^^ 380%. MJPA 40 
ntBi^550M^mmmm ^fiL#3SMHW 13.0MPa . JitiH* 
^$j^4l0%. ;;f'#*J*46^M^fJil^Ji^llJBti^6^ 1.7^, itilPM 

jibr^m^^mi^mummmi^^mtfyK^^mMr 40%. 
mmpm 10 ^# ( ^m^tMmm^^rr'^.r^ cx-250 s^ftgt 
n.oMPa , itmw¥imih 490%, m^tmp-m^itw^Si^ 
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{ N330 ) mrmm^^ nrnmrniR^ 6.oMPa , 

480%. 
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